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What is claimed is: 

1 . A method for measuring performance of a storage device for storing data 
to and/or retrieving data from the storage device, comprising the steps of: 
5 (a) specifying one or more access pattems for transferring data to/from 

the storage device; 

(b) specifying one or more different required data transfer rates; and 

(c) for each access pattern: measuring the actual data transfer time of 
the storage device for transferring said data according to that access pattern, and 

10 determining performance of the storage device in relation to at least one required data 
a transfer rate as a function of: that required data transfer rate and the actual data 
transfer time of data for that access pattern. 

5: 2. The method of claim 1 , wherein step (c) for each access pattern further 

W 15 includes the steps of: 

r determining performance of the storage device in relation to each required 

hi data transfer rate for that access pattern as a function of that required data transfer rate 

^ and the actual data transfer time of data for said access pattern. 

Qj 

^ 20 3. The method of claim 2, wherein step (c) for each access pattern further 

includes the steps of: 

determining the amount of data transfer required according to each data 
transfer rate during the actual data transfer time of that access pattern; and 

determining performance of the storage device in relation to each data 
25 transfer rate as a function of: (1) the actual data transfer time for that access pattern, 
and (2) each required data transfer rate and corresponding amount of data transfer 
required for that data transfer rate for that access pattern. 
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4. The method of claim 3, wherein step (c) for each access pattern further 
includes the steps of, for each data transfer rate: determining the difference between 
the required amount of data transfer for that data transfer rate and the actual amount of 
data transferred, during said actual data transfer time for that access pattern, and 

5 determining the performance of the storage device as a function of said difference. 

5. The method of claim 1 , wherein: 

step (a) further includes specifying each access pattern to include one or 
more data transfer commands, wherein each command is for transferring one or more 
10 data blocks from/to the storage device; and 

step (c) for each access pattern further includes the steps of, for each 
data transfer command for that access pattern: measuring the actual data transfer time 
for the storage device to transfer data blocks for that command, and determining 
performance of the storage device in relation to each data transfer rate as a function of 
15 that required data transfer rate and the actual data transfer time for that command. 

6. The method of claim 5, wherein step (c) for each access pattern further 
includes the steps of: 

for each data transfer command for that access pattern: determining 
20 amount of data transfer required according to each data transfer rate during the actual 
data transfer time of that data transfer command, and determining performance of the 
storage device in relation to each data transfer rate as a function of the required 
amount of data transfer for that data transfer rate and actual amount of data 
transferred, during the transfer time for that transfer command. 

25 

7. The method of claim 6, wherein step (c) for each access pattern further 
includes the steps of, for each transfer command of that access pattern: 

for each data transfer rate: 
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determining the difference between (1) the required amount of data 
transfer for that data transfer rate and (2) the actual amount of data transferred, during 
the data transfer time of that data transfer command; and 

determining the performance of the storage device in relation to 
5 that data transfer rate as a function of said measured difference. 



8. The method of claim 1 , wherein: 

step (b) further includes the steps of maintaining an adjustable virtual 
buffer size value corresponding to each required data transfer rate; and 
10 step (c) for each access pattern further includes the steps of. for each 

required data transfer rate: 

determining the* amount of data transfer required according to that 

ill 

; i data transfer rate during the data transfer time of that access pattern; 
Jf determining the difference between the required amount of data 

yj ] 5 transfer and the actual amount of data transferred according to that access pattern; and 

adjusting the virtual buffer size value for that data transfer rate 
based on said difference. 

22 9. The method of claim 8, wherein a buffer selected based on one or more 

□ 20 of the adjusted virtual buffer size values for each data transfer rate per access pattern, 

allows streaming data to/from the storage device via the buffer at least at that required 

data transfer rate for that access pattern. 

10. The method of claim 8, further comprising the steps of selecting data 
25 storage pattems on the disk drive based at least on one or more of said data transfer 

times per access pattern, to increase data transfer performance of the disk drive. 

1 1 . The method of claim 8, further comprising the steps of selecting a buffer 
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size for each data transfer rate based at least one or more of the adjusted virtual buffer 
size values of that data transfer rate, to increase data transfer perfomiance of the disk 
drive. 

5 12. The method of claim 1, wherein: 

step (a) further includes specifying each access pattern to include qne or 
'more data transfer commands, wherein each command is for transferring one or more 
data blocks from/to the storage device; 

step (b) further includes the steps of maintaining an adjustable virtual 
10 buffer size value corresponding to each required data transfer rate; and 

step (c) for each access pattern further includes the steps of, for each 
data transfer command for that access pattern: 

measuring the actual data transfer time of the storage device to 
transfer data blocks for that command; 
15 for each data transfer rate: 

determining the amount of data transfer required according 
to that required data transfer rate during the data transfer time of that transfer 
command; 

determining the difference between the required amount of 
20 data transfer and the actual amount of data transferred according to transfer command; 
and 

adjusting the virtual buffer size value for that data transfer 
rate based on said difference. 

25 13. The method of claim 12, wherein a buffer selected based on one or more 

of the adjusted virtual buffer size values for each data transfer rate per access pattern, 
allows streaming data to/from the storage device via the buffer at least at that required 
data transfer rate for that access pattern. 
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14. The method of claim 1 , wherein the storage device comprises rotatable 
media for storing data. 

5 1 5. The method of claim 14, wherein the step of specifying each access 

pattern further includes the steps of: specifying parameters including location of data in 
the storage media for transfer. 

16. The method of claim 15, wherein at least one access pattern comprises 
sequential access for transferring data to/from at least one contiguous location on the 
media. 

17. The method of claim 15, wherein at least one access pattern comprises 
multiple stream access for transferring data to/from different locations on the media for 
each data stream. 

18. The method of claim 17, wherein the data streams are interleaved in time 
and location. 

19. The method of claim 17, wherein the multiple stream access comprises a 
multiple random stream access for transferring data to/from different locations on the 
media for each data stream. 

20. The method of claim 17, wherein the multiple stream access comprises a 
25 dual stream access for transferring data to/from different locations on the media for 

each of the two data streams. 

21 . The method of claim 14, wherein the storage device comprises a disk 
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drive including at least one data disk having multiple concentric data tracks thereon for 
storing data, and at least one transducer radially moveable relative to said data tracks 
by an actuator for transfen-ing data to/from the concentric data tracks. 

22. The method of claim 1 , wherein each of the required data transfer rates is 
a constant data streaming rate to/from the storage device. 

23. An apparatus for measuring performance of a storage device for 
transferring data to/from the storage device according to one or more access patterns 
in relation to one or more data transfer rates, each access pattem including one or 
more data transfer commands for transferring data to/from the storage device, 
comprising: 

(a) a storage device interface for communicating with the storage 

device; 

(b) control means for issuing each transfer command per access 
pattern to the storage device via the storage device interface; 

(c) timing means for measuring the actual data transfer time of the 
storage device for transferring data according to each command; and 

(d) processing means for determining performance of the storage 
device for each transfer command per access pattern in relation to each data transfer 
rate, as a function of that required data transfer rate and the actual data transfer time of 
that transfer command. 

24. The apparatus of claim 23, wherein the processing means further 
includes: 

means for determining the amount of data transfer required according to 
each data transfer rate during the actual data transfer time of each transfer command 
per access pattern; and 
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means for determining performance of the storage device for each data 
transfer rate for eacti transfer command per access pattern as a function of: (1) the 
actual data transfer time for that transfer command, and (2) that required data transfer 
rate and said amount of data transfer required for that data transfer rate. 

5 

25. The apparatus of claim 23, wherein the processing means further 
includes: 

means for detemriining the amount of data transfer required according to 
each data transfer rate during the actual data transfer time of each transfer command 
10 per access pattern; and 

means for determining, for each data transfer rate: 

the difference between the required amount of data transfer for that 
data transfer rate and the actual amount of data transferred, during said actual data 
transfer time for each transfer command per access pattern; and 
15 the performance of the storage device as a function of said 

difference. 

26. The apparatus of claim 23 further comprising means for maintaining an 
adjustable virtual buffer size value corresponding to each required data transfer rate, 

20 and wherein the processing means further includes: 

means for determining the amount of data transfer required according to 
each data transfer rate during the actual data transfer time of each transfer command 
per access pattern; and 

means for determining, for each data transfer rate: 
25 the difference between the required amount of data transfer or that 

data transfer rate and the actual amount of data transfen-ed, during said actual data 
transfer time for each transfer command per access pattern; and 

adjusting the virtual buffer size value for that data transfer rate 

35 



Docket Q0O-1057-US1 

based on said difference. 

27. The apparatus of claim 23, wherein a buffer selected based on one or 
more of the adjusted virtual buffer size values for each data transfer rate per access 
pattern, allows streaming data to/from the storage device via the buffer at least at that 
required data transfer rate for that access pattern. 

28. The apparatus of claim 23, wherein the storage device comprises 
rotatable media for storing data. 

29. The apparatus of claim 28, wherein each access pattern includes 
parameters location of data in the storage media for transfer. 

30. The apparatus of claim 29, wherein at least one access pattern comprises 
sequential access for transferring data to/from at least one contiguous location on the 
media. 

31 . The apparatus of claim 29, wherein at least one access pattern comprises 
multiple stream access for transferring data to/from different locations on the media for 
each data stream. 

32. The apparatus of claim 32, wherein the data streams are interieaved in 
time and location. 

33. The apparatus of claim 32, wherein the multiple stream access comprises 
a multiple random stream access for transferring data to/from different locations on the 
media for each data stream. 
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34. The apparatus of claim 32, wherein the multiple stream access comprises 
a dual stream access for transferring data to/from different locations on the media for 
each of the two data streams. 

35. The apparatus of claim 33, wherein the storage device comprises a disk 
drive including at least one data disk having multiple concentric data tracks thereon for 
storing data, and at least one transducer radially moveable relative to said data tracks 
by an actuator for transferring data to/from the concentric data tracks. 

36. The apparatus of claim 23, wherein each of the required data transfer 
rates is a constant data streaming rate to/from the storage device. 

37. A computer program product for use with a computer system including a 
central processing unit (CPU), memory, and interface to a storage device, for 
measuring performance of the storage device for transferring data to/from the storage 
device according to one or more access patterns in relation to one or more data 
transfer rates, each access pattern Including one or more data transfer commands for 
transferring data to/from the storage device, the computer program product comprising: 

a computer-readable medium; 

means, provided on the computer-readable medium, for issuing each transfer 
command per access pattern to the storage device via the storage device interface; 

means, provided on the computer-readable medium, for measuring the actual 
data transfer time of the storage device for transfen-lng data according to each 
command; and 

means, provided on the computer-readable medium, for detemiining 
performance of the storage device for each transfer command per access pattern in 
relation to each data transfer rate, as a function of that required data transfer rate and 
the actual data transfer time of that transfer command. 
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38. The computer readable medium of claim 37, further comprising means, 
provided on the computer-readable medium, for determining the amount of data 
transfer required according to each data transfer rate during the actual data transfer 

5 time of each transfer command per access pattern; 

wherein said means for determining performance of the storage device 
further includes means for determining performance of the storage device for each 
data transfer rate for each transfer command per access pattern as a function of: (1) 
the actual data transfer time for that transfer command, and (2) that required data 
10 transfer rate and said amount of data transfer required for that data transfer rate. 

39. The computer readable medium of claim 37 further comprising means, 
provided on the computer readable medium, for determining the amount of data 
transfer required according to each data transfer rate during the actual data transfer 

15 time of each transfer command per access pattem; 

wherein said means for determining performance of the storage device, 
further includes means for determining, for each data transfer rate: 

the difference between the required amount of data transfer for that 
data transfer rate and the actual amount of data transferred, during said actual data 
20 transfer time for each transfer command per access pattem; and 

the performance of the storage device as a function of said 

difference. 



40. The computer readable medium of claim 37 further comprising means, 
25 provided on the computer readable medium, for maintaining an adjustable virtual buffer 
size value corresponding to each required data transfer rate; 

wherein said means for determining perfomiance of the storage device, 
further includes: 
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means for determining the amount of data transfer required 
according to each data transfer rate during the actual data transfer time of each transfer 
command per access pattern; and 

means for determining, for each data transfer rate: 
5 the difference between the required amount of data transfer 

or that data transfer rate and the actual amount of data transferred, during said actual 
data transfer time for each transfer command per access pattern; and 

adjusting the virtual buffer size value for that data transfer 
rate based on said difference; 
10 wherein a buffer selected based on one or more of the adjusted virtual 

buffer size values for each data transfer rate per access pattern, allows streaming data 
to/from the storage device via the buffer at least at that required data transfer rate for 
that access pattem. 
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